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TI Dose-dependent behavior of bioactive glass dissolution 
AU Jones, Julian R. ; Sepulveda, Pilar; Hench, Larry L. 

CS Centre for Tissue Regeneration, Department of Materials, Imperial College 
of Science, Technology and Medicine, London, SW7 2BP, UK 
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AB The effect of glass dosage (0.001 g ml-1 to 0.015 g ml-1) on the in vitro 
dynamic dissoln. behavior of melt-derived 45S5 and sol-gel-derived 58S 
bioactive glasses, in simulated body fluid (SBF) at 37. degree. C, was 
evaluated. These glasses differ significantly in texture, esp. the sp . 
surface area and porosity, as a result of differences in manufg. route. 
The concns . of elements (Si, Ca, P, and Na) leached from the glasses into 
the dissoln. medium, from 1 to 22 h, were evaluated with the use of 
induced coupled plasma anal. (ICP) . The reacted powders were analyzed 
with the use of FTIR to observe the formation of a hydroxycarbonate 
apatite layer on the surface. The results show that the rate of HCA 
formation on both gel- and melt-derived bioactive glass powders in vitro 
depends on the concn. of the powders in soln. This result must be taken 
into account when carrying out in vitro cell-culture 

studies to simulate conditions in vivo and in expts. using exts . of the 
bioactive glass powders. 
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TI 3D bone tissue engineered with bioactive microspheres in simulated 
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AB Three-dimensional (3D) osteoblast cell cultures were 

obtained in rotating-wall vessels (RWV) , simulating microgravity . Three 
types of bioactive microcarriers, specifically modified bioactive 
glass particles, bioceramic hollow microspheres, and biodegradable 
bioactive glass-polymer composite microspheres, were 
developed and used with osteoblasts. The surfaces of composite 
microspheres fully transformed into bone apatite after 2-wk immersion in 
simulated physiological fluid, which demonstrated their bone-bonding 
ability. The motion of microcarriers in RWVs was photographically recorded 
and numerically analyzed. The trajectories of hollow microspheres showed 
that they migrated and eventually stayed around at the central region of 
the RWV. At their surfaces, shear stresses were low. In contrast, solid 
glass or polymer particles moved toward and finally bounced off the outer 
wall of the RWVs. Cell culture studies in the RWV using bone marrow 
stromal cells showed that the cells attached to and formed 3D aggregates 
with the hollow microspheres. Extracellular matrix and mineralization were 
observed in the aggregates. Cell culture studies also confirmed the 
ability of the composite microspheres to support 3D bone-like tissue 
formation. These data suggest that the new hollow bioceramic microspheres 
and degradable composite microspheres can be used as microcarriers for 3D 
bone tissue engineering in microgravity. They also have potential 
applications as drug delivery systems. 
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TI Proliferation and differentiation rates of a human osteoblast-like cell 
line (SaOS-2) in contact with different bone substitute materials. 
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AB The aim of our study was to investigate the influence of four bone 

substitutes on the growth behavior of a human osteoblast-like cell line 
(SaOS-2) culture: pure alpha tricalcium phosphate (alpha-TCP = BIOBASE) , a 
bioactive glass (bioglass), a neutralized glass-ceramic 
(GB9N) , and solvent dehydrated bone. We established an in vitro 
cell culture model with three-dimensional scaffolds 

(cubes of 0.7 x 0.7 x 1.0 cm) of porous bone substitutes to investigate 
proliferation and differentiation rates of SaOS-2 cells. The cultures were 
analyzed for individual cell morphology after 5 days of growing using 
scanning electron microscopy. Fracture preparations of the cubes showed 
that cells could infiltrate the porous structures, but the cell shapes 
varied from individual round-shaped cells to wide spread cells and cell 
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clusters, depending on the material. Also, the differentiation of the 
seeded cells was dissimilar after a 5-day incubation. The specific 
alkaline phosphatase (ALP) enzyme activity (ALP/DNA) measured in the 
supernatants of alpha-TCP-grown cells was nine times higher than the 
lowest activity, as observed by cells incubated on GB9N. Early (Collagenl, 
ALP) and late marker (osteocalcin, bone sialoprotein) of osteoblastic 
differentiation were proofed by reverse transcriptase-polymerase chain 
reaction analysis . Cells grown on bone substitutes and bioglass seem to be 
less differentiated than alpha-TCP-grown cells, because of noticeably less 
amounts of osteocalcin and bone sialoprotein. The cultivation on GB9N 
seems to dedifferentiate the cells, because even the ALP expression was 
reduced as well. Our results indicate that distinct bone substitutes 
influence proliferation and differentiation of osteoblastic cells in 
different manners. These results might influence the selection of an 
adequate bone substitute for clinical use as well, part from degradative 
and biomechanical properties. 
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TI Chemical durability of commercial silicate glasses. I. Material 

characterization 
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AB Six com. silicate glasses; silica, sodalime silicate, two fiberglass 

compns . and two Bioglass compns . were subjected to three solns. : distd. 
water, Dulbecco's phosphate buffered saline soln. and Ham's F-12 lx cell 
culture media under the exact exptl . conditions that would be encountered 
during a cell culture study. For companion, a binary sodium silicate 
glass was also exposed. Wt. loss, diffuse reflectance IR spectroscopy 
(DRIFTS) and potentiometric titrn. were used to det. the chem. evolution 
of the substrates during a typical period for cell culturing. The silica, 
sodalime silicate and high-silica fiberglass material showed only small 
changes in all cases except for differences in OH active site concn. The 
Bioglass compns. and the low-silica fiberglass exhibited soln . -dependent 
dynamic surface chem. The sodium silicate was too dynamic for even the 
most aggressive buffering system. The purpose of this study was to 
elucidate cell behavior to be reported in a later paper. 
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AB Compns . and methods for treating wounds to significantly reduce the 

healing time, reduce the incidence of scar formation, improve the success 
of skin grafts, reduce the inflammatory response and providing 
anti-bacterial treatments to a patient in need thereof, that include small 
non-interlinked particles of bioactive glass or highly porous bioactive 
glass, are disclosed. Anti-bacterial solns. derived from bioactive glass, 
and methods of prepn. and use thereof, are also disclosed. The compns. 
include non-interlinked particles of bioactive glass, alone or in 
combination with anti-bacterial agents and/or anti-inflammatory agents . 
The compns. can include an appropriate carrier for topical administration. 
Anti-bacterial properties can be imparted to implanted materials, such as 
prosthetic implants, sutures, stents, screws, plates, tubes, and the like, 
by incorporating small bioactive glass particles or porous bioactive glass 
into or onto the implanted materials. Anti-bacterial properties can also 
be imparted to devices used for in vitro and ex vivo cell 
culture by incorporating non-interlinked particles of 
bioactive glass into the devices. Anti-bacterial 

compns. derived from aq. exts . of bioactive glass are also disclosed. 
These compns. can be used, for example, in food prepn., solns. used for 
cell culture, and buffer solns., such as i.v. solns. A would was treated 
with a rnixt. of particulate noninterlinked bioactive glass with a fine 
particle size, a topical antibiotic including sulfadiazine, and a 
petrolatum base carrier. After only 4 days, seepage of the wound was 
stopped and the surface of the wound appeared dry. If only a topical 
antibiotic was used to treat a wound in a patient with vasculitis, it 
would normally take about 2 seeks to stop seepage. 
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These compns. can be used, for example, in food prepn., solns. used for 
cell culture, and buffer solns., such as i.v. solns. A would was treated 
with a mixt. of particulate noninterlinked bioactive glass with a fine 
particle size, a topical antibiotic including sulfadiazine, and a 
petrolatum base carrier. After only 4 days, seepage of the wound was 
stopped and the surface of the wound appeared dry. If only a topical 
antibiotic was used to treat a wound in a patient with vasculitis, it 
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AB Cell transplantation using biocompatible, biodegradable scaffolds offers 

the possibility of creating or regenerating tissue to replace organ 

function when deficiency arises. The role of these temporary substrates is 

to support and guide the expanding cell culture until 

it becomes structurally integrated with the host tissue. 45S5 Bioglass(R) 
is a 4 -component, melt-derived bioactive glass, which 
has been approved for human clinical- use by the Food and Drug 
Administration. The biocompatibility and biodegradability of 45S5 
Bioglass(R) are long established, whereas research into its performance as 
an extracellular scaffold is currently underway. In this study the tensile 
strengths (93 +/- 8 and 82 +/- 14 MPa) , elongation to fracture (0.7 +/- 
0.05%) and Weibull ' s moduli (3.0 and 3.5) of 45S5 Bioglass (R) fibers (mean 
diameters 193 and 280 &mgr;m) for tissue engineering applications are 
reported. The tensile strengths of the fibers are compared with those of 
bulk 45S5 Bioglass (R) and a range of biodegradable polymer materials 
currently used in the field of tissue engineering. Aspects of glass and 
fiber technology relevant to the design and manufacture of extracellular 
ceramic scaffolds are also discussed. 
Copyright 2000 John Wiley & Sons, Inc. 
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AB Osteoblast cells derived from human fetal calvarium were used in vitro to 
clarify the biocompatibility of implant material such as HA, BFC, Ti, and 
Cr-Co alloy. The cell attachment, extending and phenotype were obsd. and 
cell proliferation, alk. phosphatase activity and calcium content were 
assessed. The hydroxylapatite (HA) and BFC promoted osteoblast cell 
migration and attachment. Titanium had no such effect. The Cr-Co alloy 
had inhibitive effects on alk. phosphatase and calcium catabolism, and the 
metabolic inhibition on osteoblast occurred before the inhibition on cell 
proliferation, thus not a good candidate. 
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reported. The tensile strengths of the fibers are compared with those of 
bulk 45S5 Bioglass (R) and a range of biodegradable polymer materials 
currently used in the field of tissue engineering. Aspects of glass and 
fiber technology relevant to the design and manufacture of extracellular 
ceramic scaffolds are also discussed. 
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AB Osteoblast cells derived from human fetal calvarium were used in vitro to 
clarify the biocompatibility of implant material such as HA, BFC, Ti, and 
Cr-Co alloy. The cell attachment, extending and phenotype were obsd. and 
cell proliferation, alk. phosphatase activity and calcium content were 
assessed. The hydroxylapatite (HA) and BFC promoted osteoblast cell 
migration and attachment. Titanium had no such effect. The Cr-Co alloy 
had inhibitive effects on alk. phosphatase and calcium catabolism, and the 
metabolic inhibition on osteoblast occurred before the inhibition on cell 
proliferation, thus not a good candidate. 
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AB In the past we sometimes found poor cell morphol. and relatively low 
biochem. values for osteoblast cultures on bioactive glass. These 
observations were not caused by any external causes. Our hypothesis is 
that the surface reactivity of polished bioactive glassslides might 
decrease slowly due to the influence of (air-) humidity during storage 
under normal room conditions. In the present study we investigated the 
ageing of bioactive glass stored under room conditions as well as 
bioactive glass stored under dry conditions. We also compared the results 
with glass slides stored at about one year with freshly obtained bioactive 
glass slides, both stored under dry conditions. We evaluated several 
histol. and biochem. parameters obtained from osteoblast cultures on the 
differently preserved glass slides. The results showed that bioactive 
glass probably maintains its bioactive nature when stored under dry 
conditions. We found different biochem. values for bioactive glass prepd. 
with a new oven and elaborated with new polishing techniques in comparison 
with previously prepd. batches and bioactive glass. These results 
indicate that different bioactive glass batches with identical compn. may 
not be identical in terms of bioactivity. 
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TI Bioactive glass-ceramic containing crystalline apatite 

and wollastonite initiates biomineralization in bone cell 
cultures 
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AB Rat bone cells were cultured in the presence of bioactive glass-ceramic 
contg. cryst. apatite and wollastonite. SEM observations of the surface 
of the seeded ceramic disks revealed that cells attached, spread, and 
proliferated on the material surface. Soaking in cell-free culture medium 
showed that no change occurred in the surface structure. However, when 
cultured with bone cells and obsd. under a transmission electron 
microscope, an electron-dense layer was noted initially at the surface of 
the material, before bone formation occurred. In addn., energy-dispersive 
x-ray microanal. demonstrated the presence of calcium and phosphorus in 
this layer. Progressively, during the following days of culture, active 
osteoblasts synthesized and laid down an osteoid matrix composed of 
numerous collagen fibrils arranged either parallel or perpendicularly to 
the first-formed electron-dense layer. Mineralization initiated on the 
ceramic surface dispersed then along the collagenous fibrils, leading to a 
mineralized matrix which surrounded the ceramic particles. These results 
demonstrate the capacity of apatite-wollastonite glass ceramic to initiate 
biomineralization in osteoblast cultures and to achieve a direct bond 
between the surface apatite layer of the bioactive glass-ceramic and the 
mineralized bone matrix. 
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cultured with bone cells and obsd. under a transmission electron 
microscope, an electron-dense layer was noted initially at the surface of 
the material, before bone formation occurred. In addn., energy-dispersive 
x-ray microanal. demonstrated the presence of calcium and phosphorus in 
this layer. Progressively, during the following days of culture, active 
osteoblasts synthesized and laid down an osteoid matrix composed of 
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AB The biocompatibility of cultured fibroblasts with biomaterials , bioactive 
glass, soda lime glass, titanium, and Fe-Cr-Ni-Co alloy, was studied. For 
examn. of direct or indirect effect of bioactive glass 

to fibroblasts, cells were cultured on each biomaterial or on Transwell 
cell culture chamber with bioactive 

glass and soda lime glass. After incubation of 1, 3, 5 and 7 
days, the nos . of attached fibroblasts on each biomaterial or on each 
Transwell cell culture chamber were measured using microcell counter. The 
direct effect was assessed by initial cell adhesion ratio and doubling 
time on each biomaterial, and indirect effect was assessed by cell 
proliferation on Transwell cell culture chamber. The initial cell 
adhesion ratio and doubling time on bioactive glass were inferior to those 
of titanium, soda lime glass, and Fe-Cr-Ni-Co alloy. Fibroblasts with 
bioactive glass in Transwell showed proliferation similar to that of soda 
lime glass. The materials released from bioactive glass don't affect 
fibroblasts proliferation, and the change of structure on bioactive glass 
surface has an effect on fibroblasts adhesion and growth. 
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TI Growth of fibroblasts and epithelioid cells on a new machinable bioactive 

glass ceramic in comparison with non-reactive materials. 
AU Neupert G; Vogel W 
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AB In this study scanning electron microscopy (SEM) was used to investigate 
the substrate attachment, cell spreading and growth properties of 
fibroblasts and epithelioid cells on a newly developed machinable 
bioactive glass ceramic. The morphogenetic reactions of 
cell cultured on bioactive ceramic were compared with 
those of identical cells cultured on non-reactive glass and vitreous 
carbon. The adhesion, subsequent spreading and the growth appearance of 
fibroblasts and epithelioid cells on the surface of machinable glass 
ceramics are similar to those on nonreactive materials. Our findings 
concerning the behaviour of cell populations in vitro on the surface of a 
new machinable glass ceramic allow the conclusion that this implant 
material is adhesive for cells and biocompatible. 
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AB SoloHill Engineering (US) will develop glass-coated microcarrier beads 

for mammalian cell culture growth. It has been awarded 
a $207,000 grant by the US National Cancer Institute for the R&D. The 
bioglass beads will be used in human and veterinary vaccines 
production, as well as in the production of monoclonal antibodies and 
genetically engineered products. 
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AB Bioglass is a resorbable glass material that has been shown to induce 

osteoblast proliferation as well as bone matrix production in vitro. Its 




physico-chemical properties have been reported to be suitable for use as 
an implant coating for arthroplasty. However, Bioglass is a ceramic 
material that can fragment into particulate debris in vivo. The effect of 
particulate Bioglass on tissue cells has not been defined. In order to 
determine the biologic response to particulate Bioglass, we 
tested its effect on human synoviocytes in a cell 
culture model. At the concentrations of 1.0 and 10, mu-g/mL, 
particulate Bioglass (sizes ranging from approximately 0.5 to 80 
mu-m) had a low cytotoxic effect. However, these concentrations induced 
secretion of TNF-alpha. The observation that particulate Bioglass elicits 
release of inflammatory cytokines suggests that the development of this 
bioceramic implant coating should address techniques that would minimize 
the generation of particulates. 
ST RESEARCH ARTICLE HUMAN HUMAN SYNOVIOCYTES BIOGLASS 
OSTEOBLASTS BONE MATRIX PRODUCTION CELL CULTURE 

MODEL TNF-ALPHA TUMOR NECROSIS FACTOR-ALPHA BIOMATERIALS SKELETAL 
SYSTEM IMMUNE SYSTEM BIOTECHNOLOGY SKELETAL SYSTEM RESORBABLE GLASS 
MATERIAL IMPLANT COATING CERAMIC MATERIAL PROLIFERATION 
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AB In the present study we used an established cell culture 
model to compare Bioglass 45S5 with four other 

bioactive glasses. Small substitutions or additions of certain ions like 
iron, titanium, fluorine or boron modified the basic 45S5 glass network. 
We used several histological and biochemical parameters to interpret the 
results found in terms of the used model. Regarding 45S5 as a reference, 
we found that osteoblasts cultured on iron-doped bioactive glass showed a 
more flattened morphology, and both lower proliferation rate and 
osteoblast expression. Osteoblasts cultured on titanium-doped glasses also 
showed a flattened morphology, but higher proliferation and remarkably 
higher osteoblast expression. On fluorine- and boron-containing glasses 
the osteoblasts showed a rather compact morphology, a normal proliferation 
but only moderate osteoblast expression. With microprobe analysis it was 
shown that the formation of calcium and phosphorus on titanium-doped glass 
was relatively lower and the release of sodium slower when compared with 
45S5. Osteoblasts cultured on titanium-doped bioactive glasses 
demonstrated superior histological and biochemical parameters when 
compared with the other glass types. Further research into the 
physico-chemical properties and the in vivo behaviour of doped bioactive 
glasses is recommended. 
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AB In this study scanning electron microscopy (SEM) was used to investigate 
the substrate attachment, cell spreading and growth properties of 
fibroblasts and epithelioid cells on a newly developed machinable 
bioactive glass ceramic. The morphogenetic reactions of 
cell cultured on bioactive ceramic were compared with 
those of identical cells cultured on non-reactive glass and vitreous 
carbon. The adhesion, subsequent spreading and the growth appearance of 
fibroblasts and epithelioid cells on the surface of machinable glass 
ceramics are similar to those on nonreactive materials. Our findings 
concerning the behaviour of cell populations in vitro on the surface of a 
new machinable glass ceramic allow the conclusion that this implant 
material is adhesive for cells and biocompatible. 
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AB Experimental studies on dogs with s taphylococca l osteomyelit is showed that 
it is possible to reduce florid bone suppuration by the use of 
hydroxyapatite granules containing an antibiotic or antiseptic. In our 
series the use of f lucloxacillin hydroxyapatite granules was superior to 
other treatment methods. Twelve patients were treated with thorough 
sequestrectomy, reliable wound closure and suitable stabilization 
supplemented with an im plant of antibiotic or antiseptic hydroxyapat ite 
gra nules , < and an autologous spongiosa graft for large bone cavities or for 
discontinuity between the bone ends. The results of this preliminary 
study showed the treatment to be effec tive . 
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AB This study was performed to determine whether the process of wound 

healing, following periodontal surgery, could be improved through the 
combined use of collagen and grafting of hydroxyapatite (HAP) particles . 
Twenty- four proximal defects were made in the mandibular fourth premolars 
and second molars of six adult mongrel dogs. Steel wires and resin were 
put into the defect to enhance plaque formation. At eight weeks, the 
wires and resin were removed. At ten weeks, HAP or HAP- collagen complex 
was implanted during reconstructive surgery, along the root surface 
treated with acid conditioning. Dogs that received no implant following a 
flap operation served as controls. In these three groups of animals, 
differences in the extent and features of healing were histopathologica lly 
examined two months lafce r. Animals implanted with a HAP-collagen complex 
showed a larger amoun t of new cementum formati on when compared with 
HAP- implanted or control animals"! In addition, in animals from the 
HAP -complex group, the i nterdiqitation between the root surface a nd the 
/ gingival connectiv e tissue fibers tended to be reinforced resulti ng in 
\J suppres"ggfl epith elial downgrowth. . However, neither bone formation nor the 
reformation ofTne periodontium was promoted in the HAP-collagen complex 
group. These results suggest that implantation of an HAP-collagen complex 
promotes cemento-genesis of the demineralized root surface and can 
establish a stronger interdigitation bet ween the root surface and the 
g i ng i va 1 c onne c t i ve t is s li e~ r lb ers"! 
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